The sputtering chamber had a base pressure of 2 x 10 -7 Torr. For the deposition, the sputtering pressure was set to 6 mTorr, with 6 sccm of Ar and 3 sccm of N 2 flowing into the system. To further explore the system, deposition pressure and relative Ar and N 2 flow rates were varied, though the optimal results were found at the parameters given above. A temperature gradient orthogonal to the applied compositional gradient was achieved by using a platen that made contact to one edge of the substrate while leaving the other end free. Thermal contact was made using silver paint, with the other end cantilevered out further from the platen heat sink between the heater and the substrate. This temperature gradient was applied to select substrates during growth to achieve a range of temperatures between 100 ºC and 510 ºC. When the temperature gradient platen was not used, the rows were all held at approximately the same temperature, due to a uniform back-side heating from the thermally conductive singletemperature platen.
Synthesis Details
The sputtering chamber had a base pressure of 2 x 10 -7 Torr. For the deposition, the sputtering pressure was set to 6 mTorr, with 6 sccm of Ar and 3 sccm of N 2 flowing into the system. To further explore the system, deposition pressure and relative Ar and N 2 flow rates were varied, though the optimal results were found at the parameters given above. A temperature gradient orthogonal to the applied compositional gradient was achieved by using a platen that made contact to one edge of the substrate while leaving the other end free. Thermal contact was made using silver paint, with the other end cantilevered out further from the platen heat sink between the heater and the substrate. This temperature gradient was applied to select substrates during growth to achieve a range of temperatures between 100 ºC and 510 ºC. When the temperature gradient platen was not used, the rows were all held at approximately the same temperature, due to a uniform back-side heating from the thermally conductive singletemperature platen.
Since nitrides tend to be more metastable than oxides, some of the films were predictably seen to react with oxygen in the air upon removal from the growth chamber. Films grown at conditions with a tendency to oxidize ex-situ were capped with a layer of aluminum nitride prior to removal from the system (grown in-situ immediately following the MgSbN deposition). The AlN capping layer prevents diffusion of oxygen into the crystalline MgSbN thin film, and the large band gap of AlN (and consequent transparency of the film) minimizes the shielding of optical properties. Thus, the determination of optical absorption coefficient of the thin film layers via optical spectroscopy was not significantly hindered by the capping layer. In addition, the AlN layer was well-aligned and well known, with the c-axis oriented along the substrate normal and the layer thickness set to around 100 nm. Growth conditions for AlN in this deposition system can be found elsewhere [29] . This protective capping layer increased the lifetime of the nitride sputtered samples from a few hours to a few months.
Characterization Details
For crystal structure determination of the materials grown across the Mg-Sb-N composition space, XRD was done using a Bruker D8 Discover XRD system with a Be window 2D detector. This lab x-ray source utilized primarily Cu K-radiation, with a wavelength of 1.5406 Å. XRD was performed across the entirety of the combinatorial libraries for a finer examination of the crystal structure across the compositional gradient. For ease of analysis, the XRD patterns were then radially integrated to create a more conventional pseudo θ-2θ plot of intensity vs. scattering angle, as shown in the analysis section.
To determine the composition of the Mg-Sb-N, RBS was used on a few select samples within the libraries, since both magnesium and nitrogen are difficult or impossible to measure using more conventional methods such as X-ray Fluorescence (XRF). RBS data was analysed using the RUMP analysis software [31] . With the AlN capping layer deconvoluted from the MgSb-N layer, the relative ratios of the elements in the film were determined. For calculations of composition in the Mg-Sb-N layer, the antimony content was taken to be a constant, set at 1, and the Mg and N compositions of the films were fitted relative to the Sb. The concentration of oxygen was determined through modelling of the layers with and without oxygen content and comparing the model to the measured data.
Further examination of the microstructural morphology of a few select MgSbN samples was done via both cross-sectional and plan-view SEM. SEM images were taken on a Nova 360 NanoSEM with a through-lens detector. The images were taken with a voltage of 2.00 kV and a current of 64 pA, with magnifications ranging from 5,000x to 100,000x. Both primarily Mg 2 SbN 3 and primarily Mg 3 SbN films were examined.
For characterization of the optical properties, UV/Visible Spectroscopy was used in conjunction with Photoluminescence (PL), which together give a reasonable approximation of the optical bandgap of the material. To determine the optical bandgap, representative samples of the Mg 3 SbN antiperovskite phase were analysed via UV/visible spectroscopy. Transmission and reflection data were taken across a span of wavelengths ranging from near IR into the UV spectrum. Thickness of the films was measured via profilometry and used to calculate the absorption coefficient of the Mg 3 SbN film across the range of wavelengths. The PL data was taken for 5 seconds using a 632.8 nm HeNe laser at 5 mW power to pump the sample.
To analyse the electrical properties of the material and determine a resistivity of the Mg 3 SbN phase, through-sample IV measurements were used. The resistivity of the combinatorial libraries across a wide range of compositions was relatively high, lending these films to be more easily characterized via thru-film methods. Thus, the sample for electrical property analysis was grown on a conductive ITO on glass substrate, and a protective capping/contact stack of highly doped transparent ZnO was added ex-situ to masked off areas of the film. To ensure good contact through to the top surface of the sample, e-beam evaporation of 10 nm of Ti for adhesion and 100 nm Au as the top contact was added after the ZnO deposition. The backside contact to the ITO substrate was made by soldering an indium dot to a bare (masked off during the deposition) area of the ITO. The through-sample I-V measurement was taken through a film thickness of around 200 nm, with a contact area of 5 mm 2 , and a voltage generally ranging from -1 V to +1 V, with testing up to ± 20 V to ensure that the contact resistance was not the dominant factor.
RBS Data and Modeling
RBS data was taken on several points across the Mg to Sb spread in a few of the samples.
An example of the RBS data take on a point across the Mg-Sb spread in black, along with the corresponding fit in red, are shown in Figure S1 . 
Transmission and Reflection Data
Transmission and reflection data, along with the thickness of the films, was used to determine the absorption coefficient of the Mg-Sb-N films. An example of the transmission and reflection data taken is shown in Figure S2 . 
